Objective: This study was designed to estimate the prevalence of and evaluate risk factors for subclinical vitamin A deficiency in Arab-Bedouin children at age 18 months, followed from birth. Design: Community-based, prospective, cohort study conducted in Rahat, a large Arab-Bedouin township, located near the city of Beer Sheva in the Negev region of southern Israel. Subjects: Healthy Bedouin infants (n¼117) from the township, born at Soroka University Medical Center (SUMC) in Beer Sheva, were randomly recruited at birth. Enrollment was restricted to well infants born weighing 42500 g at birth.
Introduction
Vitamin A deficiency (VAD) increases the risk of morbidity and mortality in young children (Stephenson et al, 2000; Ramakrishnan, 2002) . Globally, it is estimated that about 3 million children are clinically deficient and another 250 million experience subclinical deficiency . Severely depleted retinol stores are associated with visual impairment and blindness (Asrat et al, 2002; Congdon & West Jr, 2002; Oso et al, 2003) . Low retinol stores are associated with an increased risk of severe illness, and even death, from such common childhood infections as diarrheal disease, respiratory infections and measles (Ahmed et al, 2000; D'Souza & D'Souza, 2002; Reyes et al, 2002) . Worldwide it is estimated that up to 300 000 children become blind annually, and 50% die within a year of losing their sight . Current efforts to improve vitamin A status in deficient children focus on improving intake through supplementation, food fortification and dietary modification (Ramakrishnan & Darnton-Hill, 2002; Grotto et al, 2003) . The effectiveness of these programs may be enhanced by also targeting factors associated with reduced absorption and increased utilization of vitamin A. Previous studies indicate that a range of factors, including low birth weight, stunting, wasting, underweight, acute respiratory infection and diarrheal morbidity, socioeconomic, environmental and demographic characteristics, may influence serum retinol concentration (Faber & Spinnler Benade, 2000; Khandait et al, 2000; Feungpean et al, 2002; Miller et al, 2002; Oso et al, 2003) . The extent to which these factors affect retinol stores is likely to vary by community and geographic location. Identification of risk factors for low serum retinol will allow community health program developers and policymakers to tailor strategies for improving vitamin A status in at-risk communities.
The Bedouin population, in which this study was carried out, is an important ethnic group in southern Israel. They live in the Negev region in southern Israel and are in transition from a seminomadic to a settled, semiurban lifestyle. Since the establishment of the State of Israel and the closure of international borders in the area, the Bedouins in Israel, who were desert nomads, have become more settled and are undergoing a process of urbanization. Overcrowding, low education levels, low socioeconomic status and high fertility rates characterize the population. Bedouin children share similar characteristics with children in poor populations in both developed and developing countries, including high rates of hospitalization for infectious disease , poor nutritional and low socioeconomic status (Forman et al, 1990) , and a diet traditionally low in vitamin A content (Gorodischer et al, 1995) .
The present analyses estimated the prevalence of and evaluated risk factors for VAD at age 18 months in Bedouin children followed from birth. The study results have important implications for improving vitamin A status in the Bedouin community, and other vulnerable populations. Identification of risk factors for low serum retinol will allow community health program developers and policymakers to tailor strategies for improving vitamin A status in this and other at-risk communities.
Methods
Setting and subjects A prospective cohort study was conducted in the Bedouin township of Rahat, located near the city of Beer Sheva in the Negev region of southern Israel to evaluate risk factors for diarrheal illness in Arab-Bedouin children. From December 1994 to March 1997, healthy infants born at Soroka University Medical Center (SUMC) in Beer Sheva to families residing in Rahat were randomly recruited into the study (Fraser et al, 2000) . Enrollment was restricted to well singleton infants, who had no problems that would affect normal feeding and growth weighing 42500 g at birth, and stratified to obtain similar representations of births throughout the seasons of the year. A prespecified number of infants were recruited each week from the 125-150 infants born to Bedouin mothers, from families residing in Rahat. The day of the week on which recruitment occurred was randomized and infants were enrolled until the number planned had been reached. SUMC is the sole provider of tertiary care in the Negev region, and more than 99% of Bedouin mothers deliver and receive postdelivery care at this medical center. Ethical approval for this study was granted by the Institutional Review Boards at Soroka University Medical Center/ Ben-Gurion University, Beer Sheva, Israel and ColumbiaPresbyterian Medical Center, New York.
Interviewers ascertained the families' demographic characteristics and socioeconomic status using a standardized questionnaire at enrollment. During weekly home visits, interviewers collected information on the child's breastfeeding status, illness history and the health of family members for the previous 7-day period. Children's stool was collected by mothers at 2-week intervals and refrigerated. In addition, mothers obtained fecal swabs that were stored in transport media at room temperature for determination of the presence of bacterial pathogens (El-On et al, 1994; Fraser et al, 1997) . Most mothers had refrigerators and those who did not kept the stools in a refrigerator at a neighbor's house. Stool samples were transported to the laboratories at SUMC within 48 h of collection. An environmental assessment by experienced and trained interviewers was performed when the child reached 3 months age. Anthropometric data were collected from children during routine visits to Well Child Clinics (Ministry of Health), usually for immunizations. In addition, blood samples were obtained by a pediatrician at semiannual clinic visits.
Measurements
Anthropometry. Birth weights were obtained from hospital records. Weight and length were measured at visits to Well Child Clinics of the Ministry of Health, by trained public health nurses. Weight was measured to the nearest 10 g and length was measured to the nearest 0.1 cm, based on World Health Organization (WHO) guidelines (World Health Organization, 1995) . Balances and measuring boards are standard equipment at all maternal/health clinics and are calibrated regularly. Stunting, wasting and underweight Zscores were calculated using WHO/National Center for Health Statistics (NCHS) reference population data (Dibley et al, 1987) . Stunting was defined as a Z-score rÀ2 standard deviations (s.d.) below the median for length or height for age, wasting was defined as a Z-score r À2s.d. for weight for length and underweight was defined as a Z-score r À2s.d. for weight-for-age.
Breast feeding status. During weekly home visits, mothers were asked if the child had been breast-fed during the previous 7 days and the frequency of breast feeding during that period. The age at which the child was no longer exclusively fed breast milk was also noted.
Environmental assessment. The environmental and physical condition of the home and property, as well as the presence of domestic and farm animals was assessed when the child was aged 3 months. The assessment included the location of water taps and the presence of toilet facilities on the premises. The hygienic condition of the infant, the home and the property were also recorded. This assessment considered the conditions found also in previous morbidity visits. The four-point scales that measured cleanliness of infant, home and yard were dichotomized in the analysis to clean and unclean.
Cumulative morbidity. Child morbidity information was collected weekly by asking the mothers to recall specific symptoms of diarrhea, fever and respiratory illness for the 7 days preceding the visit. Cumulative morbidity measures were developed from the weekly reports. Diarrhea was defined as three or more liquid or semiliquid stool/day. A new episode was preceded by three diarrhea-free days. Fever was based on mother's report of an elevation of the child's temperature above normal. Cough was defined as the presence of cough, cold, asthma, difficulty breathing or sore throat. Lower respiratory illness was defined as pneumonia based on mother's recall of the pediatrician's diagnosis made during the recall week.
Stool analysis. When diarrhea episodes occurred, stool specimens were collected immediately and at weekly intervals until 1 week after the episode had ended. This was done in addition to routine stool collection. Stool samples underwent parasitological, viral and bacterial testing to detect carriage of enteric pathogens. The child's pediatrician was given the result of the test when the mother had reported symptoms up to 2 days before or on the date of sampling. The clinician gave the treatment he/she found appropriate. The parasites, Cryptosporidium and Giardia lamblia were identified using ELISA (ProSpecT Microplate Assay, Alexon). Bacteriological testing was performed on fecal swabs to identify Campylobacter spp, Shigella spp and Salmonella by routine laboratory methods. DNA hybridization with radioactive probes on all diarrhea samples and on a 30% random sample of nondiarrhea specimens was used to classify the following Escherechia coli strains: diffuse adherent E. coli (DAEC), enteroaggregative E. coli (EAEC), enteropathogenic E. coli (EPEC), enterohemorraghic E. coli (EHEC) and enterotoxigenic E. coli (ETEC). ETEC was further classified into heat-stable (ST) and heat-labile (LT) strains. The presence of rotavirus strains was detected by ELISA. All the laboratory methods have been previously described (Porat et al, 1998) . For each pathogen, the carriage prevalence was calculated as the proportion of positive cultures to the total number of times stool was collected from each of the children.
Serum retinol concentration. Cord blood and semiannual venipuncture blood samples were collected at ages 6, 12 and 18 months into heparinized, trace element-free, vacutainer tubes and covered with aluminum foil. The sera were separated and then stored at À701C until analyzed. Serum levels of retinoids were measured using HPLC methods that allow for the simultaneous determination of serum retinol and retinyl esters at Columbia-Presbyterian Medical Center (Mills et al, 1992; Redlich et al, 1996) . The vitamins were analyzed by reverse-phase HPLC using a 250 Â 4.6 mm Beckman Ultrasphere C18 (5 mm) column (Beckman Instruments, Inc.). Dr H Bagavahan (Hoffmann-LaRoche, Inc., Nutley, NJ, USA) provided authentic standards of retinol. All extraction and HPLC procedures were carried out under reduced light and under N 2 in order to prevent oxidation of the compounds. Low limits of detection for retinol and retinyl esters in serum are and 2 and 4 ng/ml, respectively. The detection limits for these nutrients are very low and hence these compounds can be detected and quantified in extracts of human plasma/serum. The assay variability for assays performed on the same day is between 3 and 6%; and for assays performed on different days the variability is between 5 and 8%.
Statistical analysis Z-scores were calculated for the anthropometric measures (EpiInfo 6, Centers for Disease Control and Prevention, Atlanta, GA, USA). Statistical analyses were conducted using Stata 6.0 (Stata Corp., College Station, TX, USA). Several categories of independent variables considered to affect serum retinol status were examined: (1) host characteristics (birth weight, sex and retinol concentration at birth, age 6 months, age 12 months), (2) nutrition-related factors (anthropometric values, frequency of breastfeeding, duration of exclusive breast feeding), (3) morbidity characteristics (gastrointestinal and respiratory illness and fever-cumulative ages 0-18 months), (4) enteric pathogens infections (cumulative proportion of positive samples between the ages 0 and 18 months), (5) demographic/socioeconomic indicators (maternal age and years of formal education, dwelling type, presence of refrigerator, number of children o5 years in the household) and (6) environmental details (season at which serum retinol assessment was performed -ages 6, 12 and 18 months, location of water source and toilet, presence of domestic animals, cleanliness of infant). The t-test for continuous variables and the two-tailed w 2 analysis or
Fisher's exact test for contingency data were used, as appropriate, to assess differences between the baseline characteristics of all children enrolled and followed for 18 months and the subgroup that had serum retinol levels available at age 18 months. Univariate associations between covariates and vitamin A status at age 18 months were evaluated using the same methods. Logistic regression models were developed to assess risk factors for vitamin A deficiency using covariates that were statistically significant at a level of Pr0.10 in the univariate analyses. Associations between potential predictors and serum retinol concentration were considered to be statistically significant at Po0.05 in the multivariate model.
Results

Enrollment and follow-up
A total of 257 mothers were approached regarding enrollment of their newborns, six of 257 (2.3%) mothers approached refused to let their newborns participate. Of the 251 children enrolled, 238 (94.8%) completed follow-up. We were able to collect blood samples from 208 of the 238 (87.4%) for the assessment of vitamin A status. Of the 208 samples, 74 (35.6%) were lost when a shipment of frozen samples melted enroute from Israel to Columbia University. The results of 17 samples (8.2%) were accidentally deleted from the laboratory computer following processing. Therefore, data on serum retinol concentrations at age 18 months were available for 49.6% (117/238) children enrolled in this study. Of the 117 children included in these analyses, the cumulative number of weeks for which information was available on the children ranged from 61 to 75 weeks, 82% (96/117) had information on more than 90% (70/78) weeks of the follow-up period. Total number of scheduled stool collection visits for the follow-up was 38, as stools were sampled every other week from age 10 days to the completion of the 18th month of life. However, with the increased collection and analysis during diarrheal episodes, the average number of stool specimen collections for each child was 39.67 2.2, ranging from 33 to 50 samples.
Characteristics of study children at age 18 months As shown in Table 1 , half of the study participants were female. The mean number of children under 5 years living at their household was 2.671.1 children. The duration of exclusive breastfeeding was brief (1.974.5 weeks), however, children received breast milk through the majority of the follow-up period (60.3730.8 weeks). Anthropometric measures at age 18 months revealed that the prevalence of stunting, wasting and underweight among these children was 10.3, 0.9 and 2.7%, respectively. On average, the number of diarrheal days experienced by the cohort was 11.9713.6 days. Based on the percentage of positive stool cultures performed, G. lamblia (27.9 þ 70.9%), Campylobacter spp (7.076.0%) and Cryptosporidium (2.772.4%) were the pathogens most frequently detected in the stool specimens. Mean isolation percentages for E. coli strains, DAEC (2.372.6%) and EAEC (2.272.9%) and rates for ETEC (0.170.5%) and EPEC (0.471.2%) were much lower. Infection with rotavirus (0.771.3%), Shigella spp (0.571.2%) and Salmonella (0.370.9%) was relatively uncommon. The characteristics of the children with serum vitamin A data available at age 18 months (N¼117) were compared with those for whom vitamin A data were not available (N¼121). Our results show that children in the latter group were less likely to live in homes with indoor toilets (80.2 vs 91.5%, P¼0.026) and cement floors (80.2 vs 89.7%, P¼0.033). However, there were no other statistically significant differences between the groups with respect to demographic, socioeconomic and anthropometric indicators, morbidity patterns, and rates of isolation of enteric pathogens from stool.
Serum retinol concentration at age 18 months
The mean serum retinol concentration for the 117 children was 1.0370.34 mmol/l. Approximately 44.6% (52) of the children had serum retinol concentrations in the normal range (41.05 mmol/l), 40% (47) had low serum retinol concentrations (0.7-1.05 mmol/l) and 15.4% (18) of the participants had concentrations consistent with subclinical vitamin A deficiency (o0.7 mmol/l). One child had a serum retinol concentration below 0.35 mmol/l. Of the 117 children, the percentage of children who reported an illness (earache, diarrhea, lower respiratory infection, cold, fever) in the 4 weeks prior to the final serum retinol assessment ranged from 0.9% (1/117) to 13.6% (16/117). For each of the five illnesses, we compared children who reported at least one illness during that period to those who were healthy and found no statistically significant differences in mean serum retinol levels. (Table 2) . Deficiency was associated with male sex, warm season (May-October) at age 18 months and stunting at age 12 months. Each year of schooling completed by mothers was associated with a reduced risk of deficiency in their children.
No morbidity variables were associated with serum retinol concentrations and neither were dietary or environmental factors.
In the multivariate analysis, the odds ratio of deficiency were more than four times greater in males than in females (Table 3) . Children with evidence of nutritional stunting at age 12 months had a 10 times greater risk for deficiency than those children who were not stunted. In addition, there was a six-fold increase in the risk of subclinical VAD in blood specimens obtained at age 18 months during warmer months (May-October). In contrast, maternal education was inversely associated with VAD. Each year of schooling completed by mothers was associated with a 19% decrease in the odds ratio of deficiency.
Discussion
The proportion of children in our study population with serum retinol concentrations o0. 7 mmol/l suggests that VAD is a significant health issue in young Bedouin children (Sommer & Davidson, 2002) . However, it is possible that this finding may underestimate the true magnitude of the problem among the Bedouin because utilization of perinatal health-care services among Rahat women is likely to be greater than that among the 48% of Bedouin women who do not live in established settlements.
Our analyses show that among the Bedouin, male children experience a greater risk of VAD than do female children. Evidence from human and animal studies suggests that males are more susceptible to VAD than females, for reasons that have not been elucidated (McLaren & Frigg, 2001) . Data from previous studies indicate that xerophthalmia is 10 times more common in male than in females (Solon et al, 1978; Sommer, 1996) . In addition, males have higher rates of VAD-associated mortality (Sommer et al, 1987) . Reasons for the gender differences in cord serum retinol concentrations at birth are unknown. It is conceivable that among the disparity in VAD, risk may result from differences in infectious disease morbidity or gender-related differences in feeding practices and weaning foods. We then examined infectious disease morbidity, anthropometry, household environment, feeding practices, diet, length of exclusive breastfeeding and birth order. However, no associations were found to explain the higher risk of VAD among males. More research is needed to determine the cause of this disparity. In lieu of an explanation, however, a combination of foodbased approaches and supplementation must be considered to ensure that all children, especially males, maintain adequate vitamin A concentrations.
Stunting at age 12 months was also a risk factor for vitamin A deficiency at age 18 months. Results from other studies indicate that impaired growth usually accompanies VAD and tends to increase with the degree of deficiency (McLaren & Frigg, 2001 ). The association is likely to be explained by dietary habits and disease patterns that similarly adversely affect protein energy and vitamin A status (McLaren & Frigg, 2001) . There is experimental and clinical evidence showing that low protein status can impair the production of retinolbinding protein in the liver (Sommer, 1996) . Protein energy malnutrition usually emerges during the end of the diarrhea season, which among Bedouin is the summer and fall, when the effects of repeated episodes of diarrhea have taken their toll. Therefore, the prevention of chronic malnutrition through the control of diarrheal diseases is likely to improve serum retinol concentrations in this population.
Maternal education was negatively associated with VAD. Each year of education was associated with a decrease of 20% in the odds ratio of VAD. Encouraging girls to stay in school is likely to improve vitamin A status in addition to the general health and well-being of their children. Furthermore, development of nutrition education programs targeting women of child-bearing age may help to improve the vitamin A status in women and their children.
We also found that the risk of VAD was greatest in the warmer half of the year (May-October). It is possible that the Vitamin A deficiency in Israeli-Bedouin children CL Coles et al variation of vitamin A concentrations in children results from seasonal differences in diet and dietary intake of vitamin A and with seasonal variation in infection rates. This is also the season for high diarrhea rates and the prevalence of shigellosis peaks during the warm months among the Bedouin (Finkelman et al, 1994) . More research is needed to evaluate these hypotheses.
Retinol is an acute phase reactant; it is therefore possible that any observed decrease in serum retinol concentrations at age 18 months resulted from acute infection. A potential limitation of this study is that relationship between serum retinol status and C-reactive protein was not examined. Infection results in increased levels of C-reactive protein, which in turn, produces a transient reduction in serum retinol levels (Galloway et al, 2000) . It is possible that the association between diarrhea prevalence and serum retinol concentration was confounded by C-reactive protein levels. However, the frequency of illness in the 2 weeks prior to blood sample collection was low. When we compared children who reported at least one illness (earache, diarrhea, lower respiratory infection, cold, fever) during that period to those who were healthy and found no statistically significant differences in mean serum retinol concentrations. Another potential source of bias in our study is that less than 50% of the 238 participants in the original cohort had recorded serum retinol data at age 18 months. A comparison of baseline characteristics of the children with serum vitamin A data available at age 18 months to those for whom vitamin A data was not available suggest that children in the latter group may represent a lower socioeconomic group. However, no differences in morbidity or anthropometric indices were observed between the groups.
Our data suggest that VAD represents a significant public health problem in young Bedouin children. Risk factors for VAD in this population include male sex, stunting at age 12 months and warm season at age 18 months. Maternal education decreased the risk of VAD. Our results suggest that subclinical VAD may be prevented by increasing dietary intake of vitamin A, especially during the warm months. Other interventions include preventing and controlling diarrheal diseases in order to avert nutritional stunting, encouraging girls to stay in school and providing nutritional education to women of child-bearing age. Further research is needed to address the causes for gender and seasonal differences in the risk for VAD.
